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Background

The introduction of antiretroviral
therapy (ART) in the early 1990s
profoundly changed the face of HIV
infection by improving survival rates
[1]. But ART has equal potential
for prevention, since it reduces the
probability of HIV transmission from
an infected person to their sexual
partner(s). Although there have been
no randomized controlled clinical trials
on the subject, antiretroviral drugs
are currently used in clinical practice
for post-exposure prophylaxis after
inadvertent occupational exposure
(based on the results of a case control
study [2]) or after sexual exposure
to the virus [3]. Pre- and post-
exposure prophylaxis (PrEP and PEP,
respectively) have been used successfully
to interrupt transmission of HIV from
infected mothers to their babies [4].
Investigators at the United States
Centers for Disease Control and
Prevention have conducted a series of
studies in rhesus macaques to explore
antiretroviral prophylaxis. First, they
developed a rectal inoculation model
using concentrations of simian HIV
(SHIV) representative of human
exposure [5]. Using this model, the
investigators showed that tenofovir
disoproxil fumarate (TDF, a nucleotide
analogue reverse transcriptase
inhibitor) delayed, but did not prevent,
acquisition of SHIV in these animals
(seven out of eight animals infected
over 14 weeks) [6]. A new study in
this issue of PLoS Medicine by Walid
Heneine and colleagues [7] extends
earlier observations and will certainly
affect the direction of human clinical
trials and public health policy.

The Results

In the new study, macaques were
exposed to weekly rectal virus

The Perspectives section is for experts to discuss the
clinical practice or public health implications of a
published article that is freely available online.

@ PLoS Medicine | www.plosmedicine.org

This Perspective discusses the
following new study published in PLoS
Medicine:

Garcia-Lerma JG, Otten RA, Qari
SH, Jackson E, Cong M, et al. (2008)
Prevention of rectal SHIV transmission
in macaques by daily or intermittent
prophylaxis with emtricitabine
and tenofovir. PLoS Med 5(2): e28.
doi:10.1371/journal.pmed.0050028

Using a repeat-exposure macaque
model, Walid Heneine and colleagues
find that pre-exposure prophylaxis
with combination antiretroviral drugs
provides protection against rectal
challenge with a SHIV virus.

challenges for up to 14 weeks. The
authors compared infections observed
in 18 untreated macaques to infections
in macaques that received a variety

of antiretroviral PrEP regimens
containing the nucleotide reverse
transcriptase inhibitor emtricitabine
(FTC) alone or in combination with
TDF. With subcutaneous FTC alone
(at a human-equivalent dose), four
out of six animals became infected.
With a combination of oral FTC and
TDF at a dose equivalent to Truvada
(FTC 200 mg + TDF 300 mg) in
humans, two out of six animals became
infected. With subcutaneous FTC and
a supratherapeutic subcutaneous dose
of tenofovir (given either daily or in

a two-dose regimen before and after
exposure), complete protection from
infection was observed (none of the 12
animals became infected).

For animals that became infected
during treatment, the investigators
noted that infection was delayed, and
all animals had blunted acute viremia,
suggesting the possibility of reduced
immune damage during acute HIV
infection [8]. Resistance to FTC was
observed in two out of six animals that
failed therapy.

The Implications

These and earlier animal studies have
provided the basis for human clinical
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trials with PrEP. The observation

of FTC resistance during therapy
emphasizes the risk of PrEP to the
individual and the community. PrEP
continued in the face of unrecognized
infection might be expected to
promote replication of a resistant
variant, which could be transmitted
widely [9]. Tenofovir and FTC
resistance are common in populations
receiving ART, including in sub-
Saharan Africa [10]. In addition, clade
C HIV (predominant in sub-Saharan
Africa) may be more susceptible to
the evolution of a tenofovir resistance
mutation (the K65R mutation) [11].

Funding: The authors are supported by the following
grants from the National Institutes of Health:
DK049381 (MSC) and Al54980 (ADMK). The authors
are also supported by grant #P30 Al50410 from the
University of North Carolina Center for AIDS Research.
No specific funds were received for the preparation
of this commentary.

Competing Interests: MSC declares that he has no
competing interests. ADMK declares the following
interests—consultancies: Bristol-Myers Squibb;
grants received: Gilead Sciences, Pfizer.

Citation: Cohen MS, Kashuba ADM (2008)
Antiretroviral therapy for prevention of HIV infection:
New clues from an animal model. PLoS Med 5(2): e30.
doi:10.1371/journal.pomed.0050030

Copyright: © 2008 Cohen and Kashuba. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License,
which permits unrestricted use, distribution,

and reproduction in any medium, provided the
original author and source are credited.

Abbreviations: ART, antiretroviral therapy; FTC,
emtricitabine; PrEP, pre-exposure prophylaxis; SHIV,
simian HIV; TDF, tenofovir disoproxil fumarate

Myron S. Cohen is J. Herbert Bate Distinguished
Professor of Medicine, Microbiology, and
Immunology and Public Health, the Director of the
Institute for Global Health and Infectious Disease,
and Chief of the Division of Clinical Infectious
Disease, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina, United States of America.
Angela D. M. Kashuba is an Associate Professor in
the School of Pharmacy, Director of the University
of North Carolina Center for AIDS Research Clinical
Pharmacology/Analytical Chemistry Core, and
Director of the Verne S. Caviness General Clinical
Research Center Analytical Chemistry Laboratory,
University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina, United States of America.

*To whom correspondence should be addressed.
E-mail: mscohen@med.unc.edu

February 2008 | Volume 5 | Issue 2 | 30



Table 1. Current and Proposed Pre-Exposure Prophylaxis Trials, October 2007

Study (Sponsor)

Study and Agent(s) (Dose)

Population (Target N)

Sites

US CDC-NCHSTP-4323

US CDC-NCHSTP-4370
CDC-NCHSTP-4940; BOTUSA
MBO06

iPrEX (NIAID/BMGF)

FHI (USAID)

Partners Study (BMGF)
placebo

VOICE/MTN 003 (NIAID)

Phase Il daily TDF or daily oral placebo

Phase II/1ll daily TDF or daily oral placebo
Phase Ill daily Truvada or daily oral placebo
Phase Il daily Truvada or daily oral placebo
Phase lll daily Truvada or daily oral placebo
Phase Ill daily TDF, daily Truvada, or daily oral
Phase IIB safety and effectiveness of daily

tenofovir gel (1%) or placebo gel, or daily TDF  women ages 18 to 35 (2,400
(300 mg), Truvada, or oral placebo

MSM ages 18 to 60 (400)

IDU ages 20 to 60 (2,000)

Men and women ages 18 to 29
(1,200)

MSM ages 18 and up (3,000)

US (anticipated completion 2009)
Thailand (anticipated completion 2008)
Botswana (anticipated completion 2010)

Peru, Ecuador, Brazil, Thailand, South Africa, US (anticipated

completion 2011)

High-risk women ages 18 to
35 (3,900)

Discordant heterosexual
couples ages 18 to 60 (4,000)

Nonpregnant premenopausal

oral, 1,600 gel)

Kenya, Malawi, South Africa, Tanzania, Zimbabwe (study
planned, no anticipated completion date yet)

Uganda, Kenya (study planned, no anticipated completion
date yet)

South Africa, Zambia, Malawi, Uganda, Zimbabwe (study
planned, no anticipated completion date yet )

BMGF, Bill & Melinda Gates Foundation; BOTUSA, the collaborative effort between the Botswana Ministry of Health, the US Centers for Disease Control and Prevention/Division of
Tuberculosis Elimination, and the Global AIDS Program; FHI, Family Health International; IDU, injecting drug users; iPrEX, Andean MSM PrEP Trial; MSM, men who have sex with men; MTN,
Microbicide Treatment Network; NIAID, US National Institute of Allergy and Infectious Disease; USAID, United States Agency for International Development; US CDC, United States Centers
for Disease Control and Prevention; NCHSTP, National Center for HIV, STD, and TB Prevention; VOICE, Vaginal and Oral Interventions to Control the Epidemic.

doi:10.1371/journal.pmed.0050030.t001

Strengths and Limitations of the
New Study

This new report [7] represents the
culmination of a series of recent
studies specifically designed to guide
and inform human clinical PrEP trials
[5,6]. In addition, the new study shows
protection from SHIV by intermittent
dosing with tenofovir and FTC, a
regimen that is closer to true PrEP than
continuous daily dosing.

The study had four weaknesses.
First, it included only small numbers
of animals. Second, nine out of the 18
controls used were historical in nature.
Third, FTC and tenofovir doses chosen
as human-equivalent were based
on first-dose pharmacokinetics in a
limited number of animals, and they
represent higher drug exposures than
seen in humans (FTC and tenofovir
areas under the concentration-
time curves in macaques were
approximately 30% and 40% higher,
respectively, than exposures in humans
[12]). In addition, intracellular
pharmacokinetics of the active agents
also differ between macaques and
humans [13-15]. Finally, complete
protection from HIV acquisition was
only observed with a subcutaneous
tenofovir dose that provided
concentrations greater than can be
achieved with oral therapy [16].

The Future

These results highlight an exciting
and potentially important use of ART
to prevent sexual transmission of
HIV [3], and offer further support
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for human clinical trials in progress

or planned. Optimistic modeling

experiments suggest an important role

for PrEP in HIV prevention [17]. But

the application of PrEP highlights a

unique tension between prevention and

treatment; widespread usage of ART for
prevention in communities where ART
for treatment is still being rationed
might cause conflict [18]. Also,

PrEP has the potential to accelerate

transmitted drug resistance [9], thereby

limiting the utility of drugs critical to
combination ART. Human PrEP trials
must address these concerns. One

PrEP safety trial has been completed

in women at high risk of acquiring

HIV in Africa [19]; other current trials

designed to measure PrEP safety and

efficacy are summarized in Table 1.

These PrEP trials will shine a light on

the potential of ART for prevention,

and help physicians to think more
broadly about the public health

implications of these life-saving drugs. m
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